Influence of growth temperature on the capacity of the mitochondrial alternative pathway of electron transport was investigated using etiolated corn (Zea mays L.) seedlings. These seedlings were grown to comparable size in either a warm (30°C) or a cold (13°C) temperature regime, and then their respiration rates were measured as 02 uptake at 25°C. The capacity of the alternative pathway (KCN-insensitive 02 uptake) was found essentially to double in shoots of cold-grown seedlings. This increased capacity slowly developed over several days growth in the cold, but was lost within 1 day when the seedlings were exposed to a warm regime. When mitochondria were isolated from the shoots of these seedlings, a greater potential for flow through the alternative path was observed in mitochondria from the cold-grown seedlings with all substrates used (an average increase of 84%). Using exogenous NADH as the substrate, the effect of the electrochemical gradient on measurable capacities of the cytochrome and alternative pathways was investigated in mitochondria from both etiolated seedlings and thermogenic spadices. The uncoupler FCCP (ptrifluoromethoxycarbonylcyanide phenylhydrazone) was used to diminish the electrochemical gradient when desired. In corn (Zea mays L.) shoot and mung bean (Vigna radiata L.) hypocotyl mitochondria, which have relatively low capacities of the alternative pathway, increased flow through the cytochrome chain in the absence of the electrochemical gradient was found not to influence the potential for flow through the alternative path. However, in mitochondria from skunk cabbage (Symplocarpus foetidus L.) and voodoo lily (Sauromatum guttatum Schott) spadices, which have high capacities of the alternative pathway, increased flow through the cytochrome chain in the absence of the gradient occurred at the expense of flow through the alternative pathway. These results suggest that in mitochondria of thermogenic spadices, the combined capacities of the cytochrome and alternative paths exceed the capacity of the exogenous NADH dehydrogenase. The effect of assay pH on measurable capacities of the cytochrome and alternative paths was determined over a pH range of 5.6 to 8.8 using exogenous NADH as the mitochondrial substrate. When the electrochemical gradient was present, it limited the electron transport rate and little effect of assay pH was observed. However, when formation of the gradient was prevented through inclusion of FCCP, measurable capacities of the cytochrome and alternative paths were found to be greatly influenced by pH. This experiment also revealed that the potential for respiratory control is largely dependent upon the assay pH.
The role of the mitochondrial alternative pathway of electron transport in plant thermogenesis is well established (14) . Electrons and protons that would normally flow to Cyt oxidase branch to the alternative pathway via the quinone pool when the Cyt chain is saturated. The alternative path per se is not protonmotive and thus does not contribute to generation of the electrochemical gradient across the inner membrane (16) . The energy that potentially could have been conserved by phosphorylation is lost as heat. This heat is used in some plant species as a vital component of the pollination process. In eastern skunk cabbage (Symplocarpus foetidus L.), which flowers in the early spring, heat generated by the alternative pathway in the spadix is used to maintain a warm environment within the enclosing spathe. This temperature regulation is maintained for several days, allowing for successful pollination under adversely cold conditions (10) . In contrast, heat produced via the alternative pathway in the spadix of the voodoo lily (Sauromatum guttatum Schott) is used to volatilize insect-attracting amines. In voodoo lilies, this heat generation is accurately timed and occurs for only a few hours at the onset of an elaborate pollination scheme (14) .
In plant tissues that are not strikingly thermogenic, the alternative pathway is usually present, but at a lower level. The role of the alternative pathway in these tissues has been long debated, although a general consensus is emerging that it can function as a mechanism for enabling metabolism to continue when the cellular energy charge is high (4, 11, 14) . In this regard it is useful, in that it allows for regeneration of cytosolic and mitochondrial matrix NAD when cellular ATP levels are high. A role for the alternative pathway in helping plants endure cold stress has also been suggested. In wheat seedlings, that are of too small a mass to be capable of thermogenesis (17) , mitochondria of winter varieties have been shown to have a higher capacity for flow through the alternative pathway than those of spring varieties (13) . Presence ofthe alternative pathway has been correlated with the ability of some wheat seedlings to withstand frost (2) . In In a second experiment where n-PG was used to inhibit the alternative path rather than SHAM, KCN-insensitive respiration was 17% greater in cold-grown shoots while the estimated capacity of the Cyt chain (n-PG-insensitive respiration) was 12% less.
'Abbreviations: Mops, 3-(N-morpholino)propanesulfonic acid; SRM, standard reaction medium; n-PG, n-propyl gallate; SHAM, salicylhydroxamic acid; FCCP, p-trifluoromethoxycarbonylcyanide phenylhydrazone.
If the residual rate was subtracted, then the alternative path capacity was 15% greater in cold-grown shoots while the capacity of the Cyt chain was 14% less. When the actual 02 uptake rates were considered, again the residual respiration rate was found not to vary between shoots of warm-and cold-grown seedlings. The capacity of the alternative pathway was greater, while that of the Cyt path remained unchanged.
Shoot segments consisting of both coleoptile (along with the enclosed young leaves) and hypocotyl regions were used in these experiments. The observed greater capacity of the alternative pathway in cold-grown shoots could potentially be present in both of these regions, or it could be a localized response. As shown in Table Ic , KCN-insensitive respiration increased 9% (0.14 gmol 02/min g dry wt) in the coleoptile region of coldgrown shoots. This activity increased to a greater extent (32% or 0.40 ,mol 02/min *g dry wt) in the mesocotyl region. The results of all three experiments of Table I indicate that seedling growth temperature influenced the capacity of the alternative pathway, with a cooler growth temperature effecting an increased capacity for flow through the alternative pathway.
Another experiment was designed to determine if alternative path capacity could be induced or lost upon change of the growth temperature (Table II) . When warm-grown seedlings were transferred to a cold regime, the capacity of the alternative pathway gradually increased with time from 22 to 31% of the initial respiration rate. In contrast, when cold-grown seedlings were transferred to a warm regime, the greater capacity for flow through the alternative pathway was rapidly lost (drops from 39 to 27% of the initial rate in 1 d). These With all substrates, the capacity for flow through the alternative pathway increased in mitochrondria from cold-grown seedlings. The average measured capacity in mitochrondria from warm-grown seedlings was 17.1 natoms 0/min-mg protein, whereas the capacity in mitochondria from cold-grown seedlings increased to 31.4 natoms 0/min -mg protein. In contrast to the Cyt chain where respiratory control was measurable, the capacity of the alternative pathway did not change between state 3 and state 4. This result may be an artifact of the assay procedure since the alternative path capacities were determined in the presence of KCN. Inhibition of electron flow through the Cyt chain also prevents the Cyt chain from contributing to generation ofthe electrochemical gradient (16) . SHAM-sensitive respiration can also be used to estimate the capacity of the alternative pathway, and addition of SHAM should not greatly affect the level of the gradient. However in corn mitochondria, a slight uncoupling effect was observed upon addition of SHAM. Because of the low levels of the alternative pathway present, this made these estimates of the alternative pathway unreliable. This uncoupling effect has also resulted in an overestimation of the capacity of the Cyt chain, although the error is less because of the Cyt chain's higher capacity. The residual respiration rate was quite low (averaged 8 Figure 2 , are the measured capacities of the Cyt and alternative pathways in the presence and absence of saturating FCCP, using NADH as the substrate. FCCP was used to diminish the electrochemical gradient rather than phosphorylation because a considerable gradient is still maintained during phosphorylation (16 curves). The capacity of the alternative pathway in corn mitochondria was relatively low, and essentially no effect of pH was observed. Flow through the alternative pathway was affected by pH in mung bean mitochondria, with little potential for flow above pH 8.4. In voodoo lily mitochondria, where the capacity of the alternative pathway was greatest, the effect of assay pH was more dramatic and showed an optimum between 6.8 and 7.2. The residual respiration rates (the +FCCP + KCN + SHAM curves) were low in all three types of mitochondria. An effect of pH on the residual rate was observed only in the voodoo lily mitochondria. The results ofthis experiment show that the assay pH can have a major effect on the value obtained for the capacity of the alternative path, especially when this capacity is presented as a percentage of the initial substrate oxidation rate.
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